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ABSTRACT 
 
 Bioacoustics is a relatively new field of research focused on studying the acoustic signals of vocal animal 
species. The field has been a topic of interest for many years due its passive approach and avoidance of species-
level limitations, such as tracking rare or nocturnal species. It has been used to locate birds in terrestrial 
environments; however, localization in urban environments remains unstudied. This research aims to fill the gap 
by attempting to estimate the location of 30 discrete calls in eight unique, urban environments. Sites represented 
two distinct traffic scenarios: moderate traffic and high traffic. Three system arrays of three different sizes 
utilizing the Song Meter SM2+ units were tested at each site to determine the effect of array size on call visibility 
and location estimation. An American robin (Turdus migratorius) distress call was played through a loudspeaker at 
the thirty locations for each array. The spectrogram of each of these calls was examined to determine the number 
of channels with a visible call signature. If the file contained at least one visible call per song meter (36% of our 
sound files), cross correlation was used to determine the differences in the time of arrival of calls at all the 
microphones in the array, called lag values, which were used to calculate the origin location of the call. However, 
resulting lag values in this study were too large to produce reliable location estimates. This was likely due to 
imprecise synchronization in the field or poorly defined calls within the spectrograms. Our overall low visibility is 
likely a result of the high signal to noise ratio common in urban environments. Further research is necessary to 
continue to test the viability of acoustic localization in urban environments. 
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CHAPTER ONE: 
INTRODUCTION 
 
Bioacoustics is a novel field of research focused on the acoustic environment. Central to this field is the 
study of biophony, or those sounds produced by living organisms. This biophony is studied in a variety of taxa, 
including whales, birds, bats, and frogs (Baptista and Guant, 1997; Pijanowski et al., 2011). The field has been a 
topic of interest for many years due its passive nature and ability to study rare species, nocturnal species, and 
species living in inhospitable environments. Bioacoustics captures data through automated recordings, 
decreasing the effort necessary for data collection (Mennill et al., 2012). This hands-off approach also produces 
minimal interaction between the researcher and the target species, thereby removing the risk of stress and 
physical injury to the individual of interest (Mennill et al., 2012; Huetz and Aubin, 2012). Research has compared 
this method to traditional point count methods with varied results. A notable study by Theodore A. Parker III 
found that bioacoustics could document 85% of birds present in the Bolivian Amazon in just 7 days, a task that 
took a team of seven trained ornithologists 54 days using traditional methods (Celis-Murillo et al., 2009; Hutto 
and Stutzman, 2009; Haselmayer and Quinn, 2000; Parker 1991; Wolf). The literature agrees that traditional 
methods only outweigh bioacoustics recordings when highly-skilled ornithologists or birders are collecting the 
data. In the absence of this expertise, field recordings can allow for more accuracy in detection (Brandes, 2008; 
Digby et al., 2013; Swiston and Mennill, 2009).  
 Bioacoustics has been successfully implemented in research to perform presence/absence surveys. 
Another application is sound localization, which uses recorded calls to predict the location of an individual 
(Blumstein et al., 2011). There are still advances to be made in this type of research.  For instance, there is no 
single, agreed upon technology for collecting bioacoustics data, and many of the options are not commercially 
available or cost effective; however, new commercially-available recording units through Wildlife Acoustics, Inc. 
have already been successfully tested in the field with high location accuracy for bird calls (Mennill et al., 2012; 
2 
Wilson et al., 2013). In addition, there are two gaps in the research. First, there is a lack of literature on acoustic 
localization in urban environments. Second, literature lacks studies using the minimum required technology for 
localization: three unit arrays. This research tests the accuracy of avian localization in urban environments under 
moderate and high traffic scenarios with the minimum required technology. In chapter 2, we review the relevant 
literature, including important bioacoustics research and common technologies and methods used for acoustic 
localization. Chapter 3 outlines the objectives of this research, as well as the justification and rationale. Chapter 4 
describes the methodology used to evaluate our research questions. Chapter 5 describes the results of the study, 
followed by discussion of the results in Chapter 6. The thesis finishes with Chapter 7, which includes overarching 
conclusions about the implications, limitations, and possible future direction of this research.  
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CHAPTER TWO: 
LITERATURE REVIEW 
 
Bioacoustics is used in a variety of disciplines, including taxonomy, behavioral ecology, and 
communication theory. It has been used as a conservation tool to report presence/absence of critical species 
(Clemmons and Buchholz, 1997; Baptista and Gaunt, 1997), and has been instrumental in the detection of 
amphibian populations (Dorcas et al., 2009; Agranat), mammalian populations (Jones et al., 2000; Au and 
Hastings, 2008; Croll et al., 2002; Payne et al., 2003) and many avian species (Mennill et al., 2006; Charif and 
Pitzrick, 2008; Celis-Murillo et al., 2009). This study is primarily concerned with the application of bioacoustics to 
avian research. The inherent vocal nature of bird communities makes acoustic analysis a favorable alternative to 
traditional research methods. Typical research includes migratory studies, behavioral studies, and habitat 
modeling research (Blumstein et al., 2011). It has been used to monitor species of conservation concern, tracking 
presence in critical habitat and changes in population size (Agranat; Charif and Pitzrick, 2008; Bardelli et al., 
2010).  A particularly interesting study used bioacoustics to provide evidence for the presence of Ivory billed 
Woodpeckers, a rare and possibly extinct bird, in Florida (Hill et al., 2006). Other researchers have used 
bioacoustics to reveal specialized traits in avian behavior (Mennill and Vehrencamp, 2008; Foote et al., 2008; 
Kirschel et al., 2011). 
 There are two types of bioacoustics research: detection and localization. Detection encompasses the use 
of recordings to assess presence and absence, and localization focuses on the use of multiple recording devices to 
locate a calling individual (Wolf; Blumstein et al., 2011). Both areas rely heavily on graphical representations of 
recordings, called spectrograms. Spectrograms are important as visual representations of audio data, allowing for 
depiction of the time (x-axis), frequency (y-axis), and amplitude (intensity) of a call (Wolf). In detection research, 
spectrograms are analyzed through traditional methods like spectrogram processing and labeling, Gaussian 
mixture models, dynamic time warping, and vector machine classifiers (Wolf; Brown et al., 2009). In recent years, 
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sound archives and automated signal detection software like ‘Song Scope’, ‘XBAT’, are receiving more attention 
in detection analysis (Charif and Pitzrick, 2008; Brandes, 2008; Figueroa and Robbins, 2007; Brown et al., 2009). In 
localization research, multiple spectrograms representing an array of recording devices are compared to produce 
location estimates for calls (Blumstein et al, 2011). An array refers to a group of strategically placed, 
omnidirectional microphones (Mohl et al., 2001). Current localization research is concerned with streamlining field 
and analysis techniques, as well as choosing recording units (McGregor et al., 1997; Bower and Clark, 2005; 
Mennill et al., 2006; Wilson et al., 2013). It is possible that this lack of standardization prevents widespread 
application of bioacoustics research, particularly in inexperienced labs. Localization research is also limited in its 
current focus. Currently, research is concentrated in isolated environments, with few studies on the interaction 
between urban noise and avian communication (Seger, 2007; Patricelli and Blickley, 2006; Katti and Warren, 
2004). There is still no bioacoustics research reporting urban location accuracy.  
Acoustic Location Systems 
There are many different choices for recording units in bioacoustics research. User-created acoustic 
location systems dominate the technology; however, these choices are technically varied and have high costs, 
deterring inexperienced labs (Mennill et al., 2012; Collier et al., 2010). Acoustic location systems are units 
containing microphones that are used to create the array necessary for localization (Brandes, 2008). They tend to 
vary in the number of microphones used, the presence of GPS units, the type of recorder, and the height of 
mounting in the field (Table 1). All of the units have five basic mechanisms: microphone(s), an audio recorder, a 
recording initiator and terminator device, weatherproof casing, and a basic power supply (Brandes, 2008). They 
can also feature sophisticated components, including wireless network interfaces, embedded computers, and 
acoustic emitters (Collier et al., 2010). Researchers likely resorted to creating their own acoustic location systems 
due to the lack of reliable, inexpensive commercial recording units. Recently, relatively inexpensive, user-friendly 
units have been developed by Wildlife Acoustics, Inc., removing this constraint (Mennill et al., 2012).  Wildlife 
Acoustic, Inc. offers the Song Meter SM2+ units featuring two microphones for 16-bit, full spectrum recordings on 
two channels, memory card inputs, a weatherproof case, and D size battery slots for up to 230 hours of recording. 
The system gives researchers the ability to customize sampling rate, program monitoring schedules, and apply 
timestamps for post processing (www.wildlifeacoustics.com). All of the available technologies have been tested 
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for location accuracy, with results generally within the 1 to 2 meter category (Collier et al., 2010; Mennill et al., 
2012; Wilson et al., 2013; Bower and Clark, 2012; Digby et al., 2013). Hopefully, the field is progressing towards 
standardization with the development of the Song Meter SM2+, which can localize with an average error of 1.87 ± 
0.13 in rural environments (Mennill et al, 2012).  
Methods for Data Collection 
The field methods for localization also lack standardization. Researchers take many approaches to array 
setup and localization testing. Appropriate methods must balance the tradeoff between increasing the accuracy 
of the individual microphones while maximizing the area that can be monitored by the array (Blumstein et al., 
2011; Huetz and Aubin, 2012). Researchers can choose to use wireless acoustic location system or microphones 
with cables connecting to a single recording station.  The array configuration is often manipulated to test its effect 
on localization; however, a few features are always necessary. Each unit in the array must have the ability to 
precisely locate its in-field position. The units must also record simultaneously in a synchronized manner, and 
cover an area at the same magnitude as that to be monitored (Mohl et al., 2001). A successful array allows 
researchers to estimate the location of sounds within, and to a certain extent around, its boundaries using the 
time difference of arrival (TDOA) equation (Mennill et al., 2012; Blumstein et al., 2011). This complicated equation 
computes the differences in the precise time a sound arrives at each microphone within an array, and using the 
speed of sound, calculates the probable location of that sound (Magyar et al., 1978; Blumstein et al., 2011; Huetz 
and Aubin, 2012). Literature is still focused on identifying the best array configuration for increasing the accuracy 
of these location estimates (Blumstein et al., 2011; Huetz and Aubin, 2012). 
 The number of acoustic systems used in the array may have an effect on its location accuracy. At least 
three microphones or acoustic location systems are necessary to localize a sound through triangulation using the 
TDOA equation (Mennill et al., 2012; Wilson et al., 2013). The literature tends toward four-unit and eight-unit 
arrays (Collier et al., 2010). Four unit arrays are the most common (McGregor et al., 1997; Bower and Clark, 2005; 
Wahlberg et al., 2003; Mennill et al., 2008). Additional literature includes a few sixteen microphone arrays 
(Fitzsimmons et al., 2008; Lapierre et al., 2011); however, they are greatly outnumbered by those with four and 
eight units (Mennill and Vehrencamp, 2008; Patricelli et al., 2007; Patricelli and Krakauer, 2010). Prominent 
literature consists of very few three unit/microphone arrays with the exception of a 2008 study by Atmoko et al. 
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reporting error of as little as 4% for a three unit, marine array. It remains uncertain why these studies are 
uncommon in bioacoustics research, despite being the minimum units necessary for localization. This research 
employs a three unit, six-microphone array to estimate accuracy. 
The distance between each unit in the array and the type of calls used for artificial playback also vary 
throughout the literature (Table 2). Many studies place the units in arrays a set distant apart (Mennill et al., 2012), 
while others take a more opportunistic approach (Collier et al., 2010). Further, some studies use natural calls 
(Bower and Clark, 2005; Collier et al., 2010; Mennill et al., 2006), and others use call or a mixture of both 
(Blumstein et al., 2011; McGregor et al., 1997). The literature tends towards artificial calls. Artificial calls are most 
often pre-recorded and studies using these calls are considered playback experiments (Wilson et al., 2013). In 
playback experiments, researchers can choose the type of vocalization they want to locate based on taxa, species, 
or type of call (McGregor et al., 1997; Wahlberg et al., 2003). For example, Bower and Clark chose their playback 
based on call type to illustrate the effect of tone on location accuracy. They found that frequency modulated calls 
were located with higher accuracy (2005; McGregor et al., 1997). A similar study found that calls with many 
different elements were also located more often than single element sounds (McGregor et al., 1997).  
Methods for Data Analysis 
Once recordings are obtained, there are a variety of approaches to analysis. Different techniques can 
.produce similar location estimate and accuracy results. The TDOA equation is the traditional, manual method for 
location estimation (Magyar et al., 1977; Wahlberg et al., 2003). Software for analysis and estimation automates 
this process in current literature. Canary, Ishmael, SIGNAL, and Raven Pro all possess the capabilities key for 
bioacoustics research. One of the first steps, editing raw sound files to remove excess noise and balance the signal 
to noise ratio, can be done through many programs and methods (Wilson et al., 2013; Mennill et al., 2012). Some 
algorithms used to reduce noise include the Weiner filter, Gaussian filter, Median filter, and Brightness and 
Contrast filters. All techniques lead to a more defined signal (Wolf; Brandes, 2008). Modern sound editing 
software, including CoolEdit and Audacity, can also reduce noise (Mennill et al., 2006). There is concern that these 
selective filtering methods can alter the signal of interest (Speisberger et al., 1999; Huetz and Aubin, 2012). 
Nonetheless, removing excess background noise is crucial to improving call detection in spectrograms and 
helping in acoustic localization.  
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Cross correlation is another key step to producing localization results. Through comparing the calls in the 
spectrograms, this technique generates lag values. These lags represent the time differences of arrival of a call 
between all possible pairs of microphones in the sampling array (Khanna et al., 1997; Blumstein et al., 2011; Huetz 
and Aubin, 2012). It works as a subtraction, deducting the time a call arrives at its first microphone from the time 
it arrives at all other microphones within the array. Based on these differences, the 2-D location of the call is 
estimated using the speed of sound at the ambient temperature (Wilson et al., 2013). This location estimate is an 
approximation, and can have associated error, as seen in the literature (Collier et al., 2010; Blumstein et al., 2001). 
This same process can be completed using automated software, including .AviSoft SASLab, Raven Pro, Canary, 
and X-BAT, the three latter from Cornell’s Bioacoustics Research Program (Figueroa and Robbins, 2007; Mennill et 
al., 2006, Wilson et al., 2013). After simple pre-processing using programs like Audacity and SYRINX to edit 
original sound files, software can easily compute pair-wise cross correlation (Fitzsimmons et al., 2008; Lapierre et 
al., 2008; Mennill et al., 2012; Wilson et al., 2013). RAVEN, a cross correlation software, allows users to define 
parameters that can affect the outcome of cross correlation, including the type of window for processing, 
spectrogram time granularity (through Fast Fourier Transforms), and add band pass filters to single out signals. 
Other parameters include normalization and percent overlap (Khanna et al., 1997; Wilson et al., 2013). In research 
similar to this study, a 512-point FFT, 87.5% overlap Hamming window was used to produce reliable 
spectrograms. Spectrograms were also normalized to a 0 dB (representing the peak amplitude) and a band pass 
filter was used to isolate the frequency of the sound of interest (Wilson et al., 2013).  
Cross correlation generated lag values can be used in additional programs to estimate the location in 
latitude and longitude of the caller, as well as associated error in those estimates. Two of the more recent 
programs used for location estimation include ArrayGUI and SoundFinder (Mennill et al., 2012; Wilson et al., 
2013). ArrayGUI is available through MatLab and calculates the location of a sound source through a quality index, 
which estimates location and associated error (Mennill et al., 2012). The newest software, SoundFinder, is a free 
and open source program created by the Mennill Lab at University of Windsor Canada under the direction of Dr. 
D.J. Mennill. It is developed to run on a spreadsheet platform like Microsoft Excel or through the ‘R’ software 
interface. It produces 2-D and 3-D location estimates using the lag times generated by correlation software and 
additional parameters, such as the ambient temperature and the latitude and longitude of the microphones 
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within the array (Wilson et al., 2013). It was found that SoundFinder can estimate location to a mean of 4.3 meters 
with significant location accuracy predictions. In the same study, ArrayGUI did not produce this level of reliability 
as SoundFinder, with over 70% of its locations over 10 m away from physical locations (compared to 
approximately 20% with SoundFinder) (Wilson et al., 2013). This research uses SoundFinder, in combination 
Audacity, SYRINX, and Raven software, to produce location estimates.  
 
Table 1. Acoustic Location Systems. 
Name # Mics Amplifier GPS Recorder Mount Other 
Mennill et al., 2006 1 No No  3 m  
Wahlberg et al., 2003 1 Yes Yes DAT 1.5 m  
Collier et al., 2010 4 No Yes Embedded 
Computer 
 Wireless network, 
acoustic emitter, 
battery pack 
Celis Murillo et al., 2008 4 No No Edirol, 4 channel 4 m  
Clark & Bower, 2005; 
McGregor et al., 1997; 
Cornell Lab 
 No No 4 channel TEAC 
RD30T cassette 
1.45 to 
1.52 m 
 
Hutto & Stutzman, 
2009; Cornell Lab 
2 (16 
element) 
No No Microprocessor and 
hard disk 
 Analog to digital 
converter, clock 
Mennill et al., 2012 2 No Yes    
 
 
Table 2. Examples of Methods for Acoustic Localization 
Name # Systems Intramicrophone 
Distance (m) 
Playback or 
Natural  
Sounds Used  Error (m) 
Mennill et al., 2006 Eight 75.2 ± 2.6* Playback Rufous-and-white 
wren duet 
2.82 ± 0.26*  
Wahlberg et al., 2003 Four 65 to 294  Playback Bittern booms 104 ± 113* 
Collier et al., 2010 Eight 39* Combination Mexican Antthrush 
song 
Wild: 0.199 
Faux: 0.445 
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Table 2.  Continued from previous page. 
Clark & Bower, 2005; 
McGregor, 1997; 
Cornell Lab 
Four; Four 40 Natural; 
Playback 
Various (27 species); 
10 sound elements 
of European 
Blackbird 
0.82 ± 0.29 t0 
2.13 ± 1.3**; 
0.281 ± 0.009 
Mennill et al., 2012 Four 25 and 50  Playback Various (25 sounds) 1.87 ± 0.13 and 
10.22 ± 1.64*** 
 
*Means 
**Means for birds located within the array and 25 outside of the array, respectively 
***Reported as a mean accuracy measurement, not error; firs values is for playbacks inside the array, second for 
outside of the array 
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CHAPTER THREE: 
RESEARCH OBJECTIVES 
 
While research continues to test the location accuracy of arrays within terrestrial environments, array-
based location accuracy has received little attention in the urban environment. Similarly, literature lacks coverage 
of the location accuracy of three unit arrays. Responding to these gaps in the literature, this research hopes to 
identify the location accuracy and error values for three different array sizes in two categories of urban 
environments: moderate traffic and high traffic. The problem statement is as follows: The relationship between 
array size, traffic level, and location accuracy for a three unit array is needed in order to identify the effect of 
urban noise on location accuracy and encourage the use of bioacoustics for bird monitoring in urban habitats. 
(1) Identify the location accuracy of three system arrays of varying sizes within the urban environment 
(2) Identify the differences between accuracy in high traffic and moderate traffic scenarios 
(3) Recommend an array size for achieving the highest accuracy in urban environments 
The results of the study will answer the following research questions: 
(1) What is the optimal array configuration for studying avian bioacoustics in urban environments? 
(2) How should the configuration be adjusted at different traffic levels? 
(3) How does the accuracy of a three system array compare to the four unit and eight unit arrays in the 
literature? 
This research is significant because it will provide a foundation for the urban bioacoustic localization 
using the Song Meter SM2+. Results will determine the feasibility of this type of research and allow for 
recommendation of the optimal array size using a three unit array, advice that will benefit inexperienced labs 
hoping to use bioacoustics to track birds of small home ranges in an urban environment.  It will also address the 
11 
effect of having fewer units on the location accuracy, a statistic that has not been extensively explored in previous 
research. Providing this direction will increase the accessibility of research using bioacoustics monitors and 
incentivize the noninvasive, passive method in the field. It is hoped that promoting noninvasive methods will 
prove more time and cost effective, and remove stressful interactions between researchers and their target 
species.  
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CHAPTER FOUR: 
METHODS 
 
Study Site 
This study took place on the University of South Florida campus in Tampa, Florida. Eight 100x100m sites 
were chosen on the main campus, with the exception of a site northeast of campus at the USF Riverfront Park. 
These sites included four with moderate traffic environments and four with high traffic environments (Figure 1). 
Sites were classified based on their proximity to primary roadways with over 15,000 cars per day, as recorded by 
the Florida Department of Transportation, as well as the presence of natural barriers, such as a line of trees, 
separating the site from anthropogenic features. The four sites with ‘moderate traffic’ abutted no primary 
roadways and were bounded by a natural area on at least one side (Figures 2-5). High traffic sites had no natural 
boundary, and abutted at least one primary road (Figures 6-9).  
Sample Design 
The sample is designed to test the ability of an array of three acoustic location systems to accurately 
locate avian vocalizations in the urban environment. The acoustic location systems, or recording units, used in this 
research are the Wildlife Acoustics, Inc. Song Meter SM2+ units with the Garmin GPS option. The GPS option was 
chosen for wireless, automatic synchronization of our units. As mentioned, eight sites were chosen, four 
representing moderate traffic environments and four representing high traffic environments. At each site, three 
array sizes were tested. Array size refers to the distance between each unit within an array. For this study, we 
chose a 25 meter array, 50 meter array, and 75 meter array. These arrays were selected because they varied about 
a small bird home range size (approximately 50m). Each unit in the array was color-coded and associated with a 
vertex of our equilateral triangle configuration. The coordinates for each unit at each array size were determined 
graphically (Table 4; Figure 11). Thirty loudspeaker locations were chosen for testing within each array size at each 
site. Their locations were fixed, not changing despite the size of the array being tested. All were generated using 
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an online random number generator (www.randomnumbergenerator.com). Twenty-five of the locations were 
representative of hypothetical movements of a bird throughout the entire home range with coordinates between 
zero and fifty. Five of the locations were representative of a nest area embedded at a randomly determined 
location with coordinates between zero and ten (Table 3; Figure 10). To test the utility of our array, we attempted 
to record and locate calls made at the thirty locations. Calls were tested sequentially, playing for approximately 10 
seconds at each loudspeaker location, for each array size. This resulted in ninety calls per site, and seven hundred 
and twenty calls overall.  
Data Collection 
Field data was collected opportunistically in July and August of 2013 based on availability of field 
assistants. The mean temperature during data collection ranged from 77.4 to 85.3 degrees Fahrenheit with wind 
speeds of 3.57 to 6.90 mph. Four people minimum were required for setup.  
Playback  
Vocalizations were made at each loudspeaker location using the FOXPRO Inc. Wildfire digital game 
caller. An American robin (Turdus migratorius) distress call was downloaded from the FOXPRO website 
(www.gofoxpro.com) to meet the criteria of a bird with a small home range (~50 m). The distress call was 
registered at a frequency of 1-8 kHz in recordings. In order to aid in call detection, a simple audio speaker was 
attached to the game caller. During vocalizations, both the game caller and the speaker were at full volume.  
Field Setup 
At each site, two 100-meter tapes were used to create a grid for determining the physical locations of 
loudspeakers and recording units. The grid’s origin point was chosen opportunistically, ensuring that the entire 
grid fit within the site. Once the 100x100 meter grid was setup, loudspeaker locations were measured out and 
marked with a flag. Once all 30 loudspeaker locations were set up, 3 GPS readings were taken at each location 
using a handheld Garmin Oregon 550. The locations of the trees and any large shrubs were delineated by 
estimating their grid location, and percent tree cover was estimated for each loudspeaker location. One meter tall 
stools were placed at the coordinates for the largest array (75 meters) and the associated Song Meter SM2+ unit 
was placed on the stool with its body parallel to the seat. The top portion containing the microphones was placed 
facing the inside of the array. This positioning was chosen due to issues with loose battery slots in the song 
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meters. Each unit was set to begin recording and the loudspeaker was placed facing upwards to remove call 
directionality at loudspeaker location one. The loudspeaker location number was called out by the researcher, and 
using the game caller remote, the call was played for approximately 10 seconds. This process was repeated for 
loudspeaker location two through thirty, sequentially. After the experiment was completed for the 75 meter array, 
recording was terminated and the units were moved to their coordinates for the 50 m array. Loudspeaker testing 
was repeated for this array. The same process was repeated for the 25 m array.  
Data Analysis 
Data collection resulted in nine 16-bit wav sound files for each site. Each sound file represented the 
recording of the thirty calls at one unit in one array. Each sound file included two channels associated with the 
recording at their respective microphone (Figure 12). Each file was filtered and trimmed in Audacity sound editing 
software (www.audacity.sourceforge.net). Files were trimmed so that all sound files for a particular array had the 
same beginning and end to the millisecond.  Sets of three corresponding array sound files were then merged in 
SYRINX (www.syrinxpc.com), resulting in a six-channel, 16 bit wav sound file created from the three separate, two 
channel sound files for each array (Figure 13). This six-channel sound file was loaded into RAVEN Pro 
(www.birds.cornell.edu) so that each of the thirty calls could be selected. Calls were selected so that the entire call 
was present in the selection for all six-channels for the whole frequency range of 0-8 kHz (Figure 14). These 
selections were saved as separate, single call sound files. Each of these sound files was inspected to identify which 
channel the call first arrived at and how many channels contained a visible call. The prior is important for 
identifying the appropriate lag values in our cross correlation output, while the latter indicates whether the sound 
file contains enough visibility to qualify for cross correlation and location estimation. At least one channel per 
song meter in the six-channel sound file must contain a visible call in order to qualify for triangulation location 
methods. A call was considered visible if the start and end of the call could be seen at 25% brightness and 60% 
contrast (Figure 15).  
Pair-wise cross correlation was performed on qualifying, single call sound files using RAVEN’s Batch 
Correlation tool set to the ‘Hamming’ window with 87.5 overlap value and a sampling speed to 512 per 
recommendations in Wilson et al., 2013. Normalization was used and a band pass filter was set to encompass only 
the exact frequency range of our call (1-8 kHz). During cross correlation, pairs of channels are slid past one 
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another, aligning when a similar call or signature is found in both of the channels (Wilson et al., 2013).  Lag values 
are the result of each channel to channel correlation and represent the time difference in the arrival of the call to 
each channel. They are displayed in the RAVEN output window under the ‘Lags’ tab (Figure 16). Those lag values 
located in the column for the channel of first arrival were our values of interest. The correlation curve of each of 
these lag values was inspected to verify that the channels were aligned correctly (Figure 17). If RAVEN failed to 
align the channels at the correct signal, they were aligned manually and the lag value was corrected. 
Approximately 30% of the reported lag values required manual realignment. Lag values for each of the correlated 
sound files were compared to latency values. Latency values represent the highest possible lag value for a call 
within a given array. They are calculated by dividing the array size by the speed of sound for dry air (Table 5). If the 
lag values for a call were below the latency value calculated for their array size, they were placed in SoundFinder 
to determine the location of the call. SoundFinder was developed by Dr. John Wilson in the Mennill Lab at the 
University of Windsor, Canada. The excel version of SoundFinder was used to generate the 2-D location and error 
calculation for our signals. All of the lag values for a single file needed to be beneath the latency value for the 
sound to qualify for localization in the program. 
Statistical Analysis 
In addition to obtaining location accuracy results, basic statistics were used to determine the proportions 
of calls the qualified for cross correlation and location estimation. These sound files had the minimum channels of 
visibility necessary for triangulation and were considered ‘High Visibility’ sound files. Overall visibility was 
reported as the percentage of sound files containing at least channel one with a visible call out of all meters. These 
sound files were grouped as ‘All Visibility’ sound files. A two factor ANOVA was performed for each group at the 
0.05 level of significance to determine if there were any relationships between traffic level, array size, and sound 
file visibility.   
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Figure 1. All Acoustic Localization Sites 
 
Figure 2. Site 1: Moderate Traffic Site Located in Northeast Corner of Campus by Recycling Bins 
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Figure 3. Site 4: Moderate Traffic Site Located in Northeast Corner of Campus called ‘The Meadows’ 
 
Figure 4. Site 7: Moderate Traffic Site Located in the Geology Research Area  
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Figure 5. Site 8: Moderate Traffic Site Located in the USF Riverfront Park 
 
Figure 6. Site 2: High Traffic Site Located in the Southwest Corner of Campus 
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Figure 7. Site 3: High Traffic Site on Magnolia Field Located in the Southwest Corner of Campus  
 
Figure 8. Site 5: High Traffic Site at Fowler Field Located in the Southeast Corner of Campus 
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Figure 9. Site 6: High Traffic Site Next to the Embassy Suites in the South End of Campus 
Table 3. Loudspeaker Location Coordinates with Nest Locations Highlighted 
 
ID X Y ID X Y ID X Y 
1 4 5 11 6 30 21 10 47 
2 34 35 12 29 44 22 40 28 
3 13 8 13 7 28 23 21 47 
4 39 34 14 9 8 24 5 21 
5 22 32 15 24 39 25 26 33 
6 44 50 16 43 36 26 9 3 
7 36 42 17 2 13 27 47 41 
8 35 48 18 2 26 28 24 20 
9 44 46 19 48 47 29 28 30 
10 23 34 20 18 38 30 24 40 
 
*X, Y coordinates were generated using an online number generator (www.randomnumbergenerator.com); those 
coordinates highlighted in yellow are associated with the next area inset.  
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Figure 10. Loudspeaker Locations with Associated Nest Area  
 
Table 4. Song Meter Location Coordinates 
 
ID Red System Coordinates Yellow System Coordinates Green System Coordinates 
75 25, -7.5 -12.5, 57.5 62.5, 57.5 
50 25, 6.7 0, 50 50, 50 
25 25, 14 12.5, 35.5 37.5, 35.5 
 
*X, Y coordinates were generated using an online number generator (www.randomnumbergenerator.com) 
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Figure 11. Song Meter Locations for Each Array  
Table 5. Latency Values per Array Size  
Array Size Latency Value (size/33o) 
25 m 0.075758 
50 m 0.151515 
75 m 0.227273 
 
 
Figure 12. Raw 16-bit Wav Sound Files (50% brightness, 50% contrast) 
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Figure 13. Six-channel Trimmed Sound File (25% brightness, 60% contrast) 
 
Figure 14. Vocalization Selections from Sound Files (50% brightness, 50% contrast) 
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Figure 15. Signal Visibility Inspection (25% brightness, 60% contrast) 
 
Figure 16. RAVEN Output: Lag Values Example 
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Figure 17. RAVEN Correlation Curve 
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CHAPTER FIVE: 
RESULTS 
There are two sections of results: location accuracy and call visibility. The location accuracy portion deals 
with the results of our attempts to locate calls played at the loudspeaker locations within each array at each site. 
The call visibility section deals with the amount of channels within each single call sound file that had a visible call. 
The number of channels with a visible call greatly influenced the amount of sound files that qualified for location 
estimation. This chapter highlights the results of these call visibility assessments and attempts at location 
accuracy. Explanation is followed by ANOVA test result outputs and graphical representations of call visibility, 
which explore the differences in visibility among the varying array sizes and traffic levels.   
Location Accuracy 
Sound files with high visibility, or at least one channel with a visible call at each channel pair 
(representing a single Song Meter unit), were examined with pair-wise cross correlation, producing lag values. 
These lag values, if below the latency value for the given array size, are used to predict the location of the call in 
the 2-D environment. All of the lag values that we produced at our sites had at least one value above its respective 
latency value (Table 5), indicating that the values were unrealistic for a call coming from a loudspeaker position 
within our arrays. The failure to obtain small enough values prevented us from attempting acoustic localization in 
SoundFinder, as large lag values lead to location estimations that tend towards unrealistic values. Lag values are 
reported in Table A-14. 
Call Visibility 
 Sound files require high visibility in order to proceed through the steps of localization. Only 36% of our 
sound files produced this visibility—a visible call at all three song meters in the spectrogram—greatly reducing the 
number of sound files available to test localization. 87% of the sound files had a call visible in at least one channel 
out of all of the song meters. These sound files were grouped into an ‘All Visibility’ group. This included those 36% 
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of the sound files within the ‘High Visibility’ group. ANOVAs for both groups found no statistically significant 
relationships between traffic, array size, and visibility (Table6; Table 7). 
Traffic Level and Call Visibility 
The ANOVA test did not establish differences in the proportion of sound files that had high visibility in 
high traffic and moderate traffic sites (Table 6). It also did not identify differences between these traffic levels in 
the ‘All Visibility’ group (Table 7). Raw proportions for each category are as follows. For the 75 m array, 
approximately 18% of the high traffic sound files and 34% of the moderate traffic sound files exhibited high 
visibility, with at least one channel with a visible call at all channel pairs. For our ‘All Visibility’ group, 68% of high 
traffic and 85% of moderate traffic sound files exhibited at least one channel of visibility. There were no visible 
calls in 32% of high traffic and 15% of moderate traffic sites sound files (Figure 19). For the 50 m array, 
approximately 17% of the high traffic sound files and 39% of the moderate traffic sound files exhibited high 
visibility. For our ‘All Visibility’ group, 82% of high traffic and 91% of moderate traffic sound files exhibited at least 
one channel of visibility. There were no visible calls in 18% of high traffic and 9% of moderate traffic sites sound 
files (Figure 20). For the 25 m array, 44% of the high traffic sound files and 63% of the moderate traffic sound files 
exhibited high visibility. For our ‘All Visibility’ group, 97% of high traffic and 99% of moderate traffic sound files 
exhibited at least one channel of visibility. There were no visible calls in 3% of high traffic and 1% of moderate 
traffic sites sound files (Figure 21). All array sizes were pooled to determine the overall effect of traffic on visibility 
without consideration of array size. The raw data exhibits 26% of the high traffic sound files and 46% of the 
moderate traffic sound files with high visibility. For our ‘All Visibility’ group, 82% of high traffic and 92% of 
moderate traffic sound files exhibited at least one channel of visibility. There were no visible calls in 18% of high 
traffic and 8% of moderate traffic sites sound files (Figure 18).  
Array Size and Call Visibility 
The ANOVA test did not establish differences in the proportion of sound files that had high visibility 
among our three array sizes (Table 6). It also did not identify visibility differences between array sizes in the ‘All 
Visibility’ group (Table 7). Raw proportions for each category are as follows. For high traffic sites, approximately 
34% of the 75m sound files, 39% of the 50m sound files, and 63% of the 25m sound files exhibited high visibility, 
with at least one channel with a visible call at all channel pairs. For our ‘All Visibility’ group, 85% of 75m, 91% of 
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the 50m sound files, and 99% of the 25m sound files exhibited at least one channel of visibility. There were no 
visible calls in 15% of the 75m sound files, 9% of the 50m sound files, and 1% of the 25 m sound files (Figure 23). 
For moderate traffic sites, 18% of the 75m sound files, 17% of the 50m sound files, and 44% of the 25m sound files 
exhibited high visibility. 68% of 75m, 82% of the 50m sound files, and 97% of the 25m sound files were in the ‘All 
Visibility’ group. There were no visible calls in 32% of the 75m sound files, 18% of the 50m sound files, and 3% of 
the 25 m sound files (Figure 24). Arrays were also pooled for all traffic levels combined. In this overall examination, 
26% of the 75m sound files, 28% of the 50m sound files, and 54% of the 25m sound files exhibited high visibility. 
For the ‘All Visibility’ group, 77% of 75m, 86% of the 50m sound files, and 98% of the 25m sound files exhibited at 
least one channel of visibility. There were no visible calls in 23% of the 75m sound files, 14% of the 50m sound 
files, and 2% of the 25 m sound files (Figure 22). 
 
 
Figure 18. Call Visibility: High versus Moderate Traffic (All Array Sizes) 
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Figure 19. Call Visibility: High versus Moderate Traffic (75 m Array) 
 
Figure 20. Call Visibility: High versus Moderate Traffic (50 m Array) 
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Figure 21. Call Visibility: High versus Moderate Traffic (25 m Array) 
 
 
Figure 22. Call Visibility:  Comparison of Array Size in All Traffic Scenarios 
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Figure 23. Call Visibility:  Comparison of Array Size in High Traffic Scenarios 
 
 
Figure 24. Call Visibility:  Comparison of Array Size in Moderate Traffic Scenarios 
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Table 6. High Visibility Group ANOVA Results  
Source of Variation SS df MS F P-value F crit 
Traffic Level 204.1667 1 204.1667 1.750834 0.202335 4.413873 
Distance 348.25 2 174.125 1.493211 0.251193 3.554557 
Interaction 3.083333 2 1.541667 0.013221 0.986876 3.554557 
Within 2099 18 116.6111    
Total 2654.5 23     
 
Table 7. All Visibility Group ANOVA Results  
Source of Variation SS df MS F P-value F crit 
Traffic Level 8.166667 1 8.166667 0.240786 0.629567 4.413873 
Distance 233.0833 2 116.5417 3.436118 0.054453 3.554557 
Interaction 48.08333 2 24.04167 0.708845 0.505446 3.554557 
Within 610.5 18 33.91667    
Total 899.8333 23     
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CHAPTER SIX: 
DISCUSSION 
 
 This research aimed to address the feasibility of avian bioacoustics in urban environments. The majority 
of our data was rendered useless for localization due to the lack of the required amount of channels with visible 
calls in the spectrogram. The lack of visibility in these files could be attributed to the overall high signal to noise 
ratio of our urban sites or the traits of our chosen call. The amount of calls with minimum required visibility could 
be improved by adding additional units to our array. More units would result in more microphones available to 
intercept the call, which may improve the likelihood of qualifying for localization. The localization results we were 
able to obtain did not provide the locations necessary to evaluate the accuracy of our three unit array in the urban 
environment. This failure is most likely due to improper synchronization by our Song Meter SM2+ units.  
Location Accuracy 
Location accuracy could not be calculated for our sound files due to inappropriate lag values. The 
resulting time differences were above the accepted latency value for all of our array sizes, making them too large 
to be realistic representations of a call within our sample. Inspection of the sound files indicated visible, 
substantial lags (up to five seconds) in arrival that could not be the result of actual time differences of arrival for 
the microphones. Similar research using the Song Meter SM2+ units reported 57% of lag values above realistic 
values (Mennill et al., 2013). Since all of our lag values contained values above the largest accepted value, we 
hypothesized that this was a result of improper synchronization. In this study, synchronization was performed 
automatically via Garmin GPS pods, which were placed directly on top of the unit and expected to synch though 
satellites signals. If there was a time difference in the reception of the Garmin signal by the units within the array, 
synchronization would fail. This may have been the case for many of our exaggerated lag values. We required 
synchronization to the millisecond to determine the true lag values for our sound files. Proper synchronization 
may improve our results. Fixing the problem may involve adjusting the field protocol. For example, instead of 
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separating the units to their respective coordinate locations before beginning recording, they could be placed 
together in an open area and allowed to acclimate and properly synchronize. For our current data, more in-depth 
analysis will be needed in order to generate correction values for the synchronization at each site. At this stage in 
the research, the lack of location accuracy data prevents us from comparing our values to those found throughout 
the literature. Without these values, we cannot draw conclusions about the effect of urban noise or limiting the 
array to three units on location accuracy.  
Call Visibility 
 There were no significant relationships found among traffic level, array size, and visibility. Overall, call 
visibility was very low for localization. Only 36% of our sound files exhibited the minimum visibility necessary to 
qualify for location estimation, making 64% unusable. Similar research in rural environments required removal of 
only 15% of sound files due to low visibility (Mennill et al., 2012). This comparison indicates that the high signal to 
noise ratio found in urban environments may be to blame for our low visibility. Since our amplitude was at a 
natural level, approximately 80 decibels, we rule out the possibility that visibility was compromised by unnaturally 
weak call strengths. The sound chosen for playback, the American Robin distress call, may also have affected our 
visibility. The repetitive trill, with a frequency span from 1 to 8 kHz, may have been at a similar frequency range to 
some of the background noises common at our sites.  If this is the case, there may have been some deafening of 
the calls during noise filtration in Audacity. In addition, there may be certain type of sounds or frequency ranges 
that, when used in the urban environment, produce more reliable visibility. Overall, the barriers to localization 
research are not the same as those for surveying. Since only one channel with a visible call is necessary for 
surveying, urban arrays may be useful for presence/absence research. At least one call was visible in 87% of the 
sound files.  
The effect of the lack of additional units on location accuracy could not be quantified using this research; 
however, there is a clear disadvantage to using the minimum of three units in regards to visibility. Call visibility 
results were greatly affected by our choice of a three meter array. While limiting units to the minimum necessary 
for producing location estimates via the TDOA method is more cost effective and realistic for novel bioacoustics 
labs, it is less dependable. The lack of additional units created a greater risk of not meeting the minimum 
requirement of a single call at each unit for triangulation. If one unit misses the call completely, the sound file is 
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thrown out of the data pool. Using additional units in the array would increase the chances that the minimum 
requirements for TDOA are met. We hypothesize that adding additional units would result in a greater proportion 
of sound files for which we could generate lag values. We therefore support the claim that arrays with greater 
than three units are more reliable for producing usable data. The more units available to intercept a call, the more 
likely you are to have the minimum visibility necessary for triangulation. 
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CHAPTER SEVEN: 
CONCLUSIONS 
 
This research tested the utility of bioacoustics for avian localization in urban environments. Our results 
were unable to produce two dimensional sound locations or location accuracy estimates. This failure was likely 
due to improper synchronization by our Song Meter 2+ units in the field; however, high signal-to-noise ratios in 
the signals may also be to blame. This lack of appropriate results prevented us from addressing our research 
questions. Nonetheless, we do have a better understanding of the effect of urban noise on bioacoustics research. 
A large portion of our samples had to be thrown out due to low call visibility. This number could be reduced 
through the addition of more units to our array. This would result in greater in-field reliability.  
Implications 
The results of this study can be used by ornithologists and landscape ecologists to better understand the 
effect of the urban environment on bioacoustics research. It is a starting point for researchers to address how the 
methods of avian localization need to be adjusted in order to deal with noisy acoustic environments. High call 
visibility in spectrograms is a critical aspect to avian localization. Since a visible call is necessary at least three units 
within an array to use the TDOA triangulation method, increasing the likelihood of achieving high visibility is of 
the utmost importance. Adding additional acoustic location systems to the array would increase the likelihood of 
achieving high call visibility. The increased reliability of the array may outweigh the cost of an additional unit. 
Another important aspect, proper field synchronization, is important to achieving localization results. Our Song 
Meter SM2+ units did not automatically synchronize to the millisecond, a factor that should be monitored with 
great care in future research. Proper synchronization ensures reliable lag values that can be used to locate a 
calling individual in the area of interest. Overall, as urbanization spreads and previously isolated areas start to 
experience traffic, researchers will need to understand the effect of urban noise on automated recordings. 
Limitations 
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This research was limited to the University of South Florida campus. This academic environment does 
not encompass all of the scenarios that are common within urban environments. The urban environment is 
multifaceted. There are a variety of zoning types, including industrial, commercial, and residential, and traffic 
levels at these sites may vary. Foot traffic, automobile traffic, and plane traffic, may be more common among 
certain types of urban areas, such as public parks, residential areas, and commercial locations. These areas may 
harbor legal considerations not encountered in the academic arena. For instance, recording in urban 
environments may result in unintentional recordings of private conversations in public areas. Non-target 
recordings can be protected by law and residents who are unaware they are be recording possess certain rights to 
personal correspondence. Depending on local laws and protections, setting up autonomous recording units in 
urban settings may be impossible due to these circumstances. In addition, the acoustic complexity of the urban 
acoustic environment may not have been fully represented in this research. Our distinction between traffic levels 
may have been oversimplified, as the urban environment is much more complex than a two-category ‘moderate’ 
and ‘high’ characterization based on traffic and natural barriers The different types of urban areas have different 
traffic levels, and a more complex categorization method may be necessary to fully evaluate the effects of urban 
noise of localization.  
Environmental aspects may have limited the results of our study. The research was collected during the 
summer in Florida, which is characterized by hot, humid days. Variation in humidity levels can affect the speed of 
sound, though at minute levels, resulting in differences in lags from one research day to the next. This 
environmental variation may also affect call visibility. Visibility may increase in more temperate environments due 
to climate differences; however, with proper inclusion of these considerations into speed of sound calculations, 
the difference can be balanced. Another environmental consideration is the vegetative makeup of the 
environment. Differences in flora and fauna could result in varying vegetative cover, which could affect call 
visibility and location accuracy. It may be harder to synchronize the Song Meter 2+ units under these 
circumstances. Finally, the type of call chosen may also be limiting. If certain calls are more easily localized, there 
may be a limit to the species of birds that can be studied through urban bioacoustics. Understanding the 
relationships between call traits and localization in urban environments will be important for making these 
distinctions. Overall, the results of this study are limited to birds of small home ranges. We chose a bird with a 
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small, 50 meter home range because we wanted to be able to track the bird through its whole range without 
having to maximize our signal to noise ratio with larger arrays.  
Future Study  
Future work will address the synchronization errors we experienced in the field. As suggested in the 
discussion, changing the protocol to allow for microphones to acclimate together may improve synchronization. 
For our current data, synchronization correction values will be generated so that we may capture the lag values 
associated with TDOA. This will allow us to produce meaningful lag values and complete the location accuracy 
portion of our research. These location accuracy estimates will help quantify the utility of avian localization in 
urban environments through comparison of the results to previous research with arrays containing additional 
acoustic location systems. While we already know that using only three acoustic location system reduces 
reliability, we do not have the results to indicate that it is any less accurate than other arrays in the literature. 
Thus, at this point, our research does not allow us to say with confidence whether a three system array is as 
accurate as arrays with additional systems. We could also supplement our current research by adding additional 
comparisons. We could include additional vocalizations of species of birds with small home ranges. Testing a 
variety of calls for visibility will help remove any concerns that the call itself may be at fault for lack of visibility in 
spectrograms. Further, it will allow us to recommend which species could best be studied through localization in 
urban environments. Another possibility for future studies would focus on the feasibility of bioacoustics research 
in non-academic urban areas. Comparing the different types of urban environments will help us specify if there 
are particular environments where acoustic localization is not feasible. This will also allow us to address the 
degree of legal resistance to monitoring on public sites and the possibilities for community involvement.  
 
 
 
 
 
 
 
 
 
 
39 
 
 
 
 
 
 
LITERATURE CITED 
 
Agranat, I.D. “Automatic detection of cerulean warblers using autonomous recording units and song scope 
bioacoustics software.” 
 
Atmoko, H., et al. (2008). “Accurate sound source localization in a reverberant environment using multiple 
acoustic sensors.” Measurement Science and Technology 19(2). 
 
Au, W.L. and Hastings, M.C. (2008). Principles of marine bioacoustics, Springer. 
 
Baptista, L.F. and Gaunt, S.L. (1997). “Bioacoustics as a tool in conservation studies.” Behavioral approaches to 
conservation in the wild, Cambridge University Press: 212-242. 
 
Bardelli, R., et al. (2010). “Detecting bird sounds in a complex acoustic environment and application to bioacoustic 
monitoring.” Pattern Recognition Letters 31: 1524-1534. 
 
Blumstein, D.T., et al. (2011). “Acoustic monitoring in terrestrial environments using microphone arrays: 
applications, technological considerations and prospectus.” Journal of Applied Ecology 48(3): 758-767. 
 
Brandes, T. (2008). "Techniques for bioacoustic signal detection using image processing." Computational 
bioacoustics for assessing biodiversity. Bundesamt fur Naturschutz, Bonn, Germany: 103-110. 
 
Bower, J.L. and C.W. Clark (2005). “A field test of the accuracy of a passive acoustic location system.” 
Bioacoustics: The International Journal of Animal Sound and its Recording 15(1): 1-14. 
 
Brown, M., et al. (2009). Recognizing birds songs-comparative study, unpublished. 
 
Celis-Murillo, A., et al. (2009). "Using soundscape recordings to estimate bird species abundance, richness, and 
composition." Journal of Field Ornithology 80(1): 64-78. 
 
Charif, R. A. and M. Pitzrick (2008). "Automated detection of Cerulean Warbler songs using XBAT data template 
detector software." Preliminary Report. Bioacoustics Research Program Cornell Laboratory of Ornithology 
Technical Report: 08-02. 
 
Clemmons, J. R. and R. Buchholz (1997). Behavioral approaches to conservation in the wild, Cambridge University 
Press. 
 
Collier, T. C., et al. (2010). "Acoustic localization of antbirds in a Mexican rainforest using a wireless sensor 
network." Journal of the Acoustical Society of America 128(1): 182-189. 
 
Croll, D. A., et al. (2002). "Bioacoustics: Only male fin whales sing loud songs." Nature 417(6891): 809-809. 
 
Digby, A., et al. (2013). "A practical comparison of manual and autonomous methods for acoustic monitoring." 
Methods in Ecology and Evolution. 
 
40 
Dorcas, M. E., et al. (2009). "Auditory monitoring of anuran populations." Conservation and ecology in 
amphibians: Oxford University Press, Oxford, United Kingdom: 281-298. 
 
Figueroa, H. and M. Robbins (2007). XBAT: an open-source extensible platform for bioacoustic research and 
monitoring. Computational bioacoustics for assessing biodiversity. Proceedings of the International Expert 
meeting on IT-based detection of bioacoustical patterns, December 7th until December 10th, Citeseer. 
 
Fitzsimmons, L. P., et al. (2008). "Eavesdropping and communication networks revealed through playback and an 
acoustic location system." Behavioral Ecology 19(4): 824-829. 
 
Foote, J. R., et al. (2008). "Male chickadees match neighbors interactively at dawn: support for the social 
dynamics hypothesis." Behavioral Ecology 19(6): 1192-1199. 
 
Haselmayer, J. and J. S. Quinn (2000). "A comparison of point counts and sound recording as bird survey methods 
in Amazonian southeast Peru." The Condor 102(4): 887-893. 
 
Hill, G. E., et al. (2006). "Evidence Suggesting that Ivory-billed Woodpeckers (Campephilus principalis) Exist in 
Florida Données suggérant la présence du Pic à bec ivoire (Campephilus principalis) en Floride (États-Unis)." Avian 
Conservation and Ecology-Écologie et conservation des oiseaux 1(3): 2. 
 
Huetz, C. and T. Aubin (2012). Bioacoustics approaches to locate and identify animals in terrestrial environments. 
Sensors for Ecology: Towards Integrated Knowledge of Ecosystems. J.-F. Le Galliard, J.-M. Guarini and F. Gaill. 
Paris, CRNS: 83-96. 
 
Hutto, R. L. and R. J. Stutzman (2009). "Humans versus autonomous recording units: a comparison of point-count 
results." Journal of Field Ornithology 80(4): 387-398. 
 
Jones, G., et al. (2000). "Acoustic identification of bats from directly sampled and time expanded recordings of 
vocalizations." Acta Chiropterologica 2(2): 155-170.  
 
Katti, M. and P. S. Warren (2004). "Tits, noise and urban bioacoustics." Trends in Ecology & Evolution 19(3): 109-
110. 
 
Khanna, H., et al. (1997). "Digital spectrographic cross-correlation: tests of sensitivity." Bioacoustics 7(3): 209-234. 
 
Kirschel, A. N., et al. (2011). "Territorial dynamics of Mexican Ant‐thrushes Formicarius moniliger revealed by 
individual recognition of their songs." Ibis 153(2): 255-268.  
 
Lapierre, J. M., et al. (2011). "Spatial and age-related variation in use of locally common song elements in dawn 
singing of song sparrows Melospiza melodia: old males sing the hits." Behavioral Ecology and Sociobiology 65(11): 
2149-2160. 
 
Magyar, I., et al. (1978). "Localization of sound producing animals using the arrival time differences of their signals 
at an array of microphones." Experientia 34(5): 676-677. 
 
McGregor, P. K., et al. (1997). "Accuracy of a passive acoustic location system: empirical studies in terrestrial 
habitats." Ethology Ecology & Evolution 9(3): 269-286. 
 
Mennill, D. J., et al. (2012). "Field test of an affordable, portable, wireless microphone array for spatial monitoring 
of animal ecology and behaviour." Methods in Ecology and Evolution 3(4): 704. 
 
41 
Mennill, D. J., et al. (2006). "Accuracy of an acoustic location system for monitoring the position of duetting 
songbirds in tropical forest." Journal of the Acoustic Society of America 119(5): 2832-2839. 
 
Mennill, D. J. and S. L. Vehrencamp (2008). "Context-dependent functions of avian duets revealed by 
microphone-array recordings and multispeaker playback." Current Biology 18: 1314-1319. 
 
Møhl, B., et al. (2001). "A large-aperture array of nonlinked receivers for acoustic positioning of biological sound 
sources." The Journal of the Acoustical Society of America 109: 434. 
 
Parker, T. A. (1991). "On the use of tape recorder in avifaunal surveys." University of California Press 108(2): 443-
444. 
 
Patricelli, G. L. and J. L. Blickley (2006). "Avian communication in Urban Noise: causes and consequence of vocal 
adjustment." Auk 123(3): 639-649. 
 
Patricelli, G. L., et al. (2007). "Differences in acoustic directionality among vocalizations of the male red-winged 
blackbird (Agelaius pheoniceus) are related to function in communication." Behavioral Ecology and Sociobiology 
61(7): 1099-1110. 
 
Patricelli, G. L. and A. H. Krakauer (2010). "Tactical allocation of effort among multiple signals in sage grouse: an 
experiment with a robotic female." Behavioral Ecology 21(1): 97-106. 
 
Payne, K. B., et al. (2003). "Elephant calling patterns as indicators of group size and composition: the basis for an 
acoustic monitoring system." African Journal of Ecology 41(1): 99-107. 
 
Pijanowski, B. C., et al. (2011). "Soundscape Ecology: The Science of Sound in the Landscape." BioScience 61(3): 
203-216. 
 
Seger, K. (2007). "Avian bioacoustics in urbanizing landscapes: relationships between urban noise and avian 
singing behavior."  
 
Spiesberger, J. L. (1999). "Locating animals from their sounds and tomography of the atmosphere: Experimental 
demonstration." The Journal of the Acoustical Society of America 106: 837. 
 
Swiston, K. A. and D. J. Mennill (2009). "Comparison of manual and automated methods for identifying target 
sounds in audio recordings of Pileated, Pale‐billed, and putative Ivory‐billed woodpeckers." Journal of Field 
Ornithology 80(1): 42-50. 
 
Wahlberg, M., et al. (2012). "Localising Biterns botaurus stellaris with an array of non-linked microphones." 
Bioacoustics: The International Journal of Animal Sound and its Recording 13(3): 233-245. 
 
Wilson, D. R., et al. (2013). "Sound Finder: a new software approach for localizing animals recorded with a 
microphone array." Bioacoustics: The International Journal of Animal Sound and its Recording. 
 
Wolf, K. “Bird song recognition through spectrogram processing and labeling.” University of Minnesota, Twin 
Cities.  
 
 
 
 
 
 
 
42 
 
 
 
 
 
 
APPENDIX: 
 
ADDITIONAL TABLES 
 
Table A-14.  Lag Values  
Date Array Size Vocalization  # Visible First Arrival Lag Values 
20130708 25 4 1 5 0,-0,0.123,0.176,-0.145,-0.926 
20130708 25 5 1 5 0,-0,2.02,2,02,1.014,1.012 
20130708 25 28 1 5 0,-0,1.96,1.96,1.96,1.012,1.012 
20130708 25 29 1 5 0,0.002,1.93,1.93,1.059,1.05 
20130708 75 12 5 5 1.534,-6.202,0.936,1.373,-1.438,0.385 
20130715 25 6 3 5 (0.984,1.023),0,-0,(0.059),0.068 
20130715 25 8 3 6 0.982,(0.924),0,-0,0.008,0.054 
20130715 25 9 3 5 1.056,12.426,0,-0,0.064,0.060 
20130715 25 10 3 6 0.960,0.958,0,-0.002,0.048,0.062 
20130715 25 15 4 6 0.994,0.974,0,0,0.062,0.060 
20130715 25 19 4 5 (1.052,1.052),0,0,(0.026),0.062 
20130715 25 20 4 6 0.952,0.954,0,0,0.026,0.028 
20130715 25 21 4 6 0.944,0.942,0,0,0.014,0.016 
20130715 25 23 4 6 0.996,0.996,0,0,0.034,0.034 
20130715 25 25 4 5 1.016,1.014,0,0,0.058,0.090 
20130715 25 29 3 6 1.022,1.004,0,(-0.069,0.087,-0.023) 
20130715 25 30 4 6 0.982,0.984,0,0,0.032,0.030 
20130715 50 5 1 5 0,-0,1.048,1.006,1.430,1.962 
20130715 50 15 1 6 0,-0,(0.836),0.922,1.972,1.970 
20130715 50 21 1 6 0,-0.002,1.002,1.00,1.904,1.898 
20130715 50 23 1 6 0,-0,(1.00),0.872,1.784,1.234 
20130715 75 5 5 6 1.2860.616,0.730,1.526,0,-0 
20130715 75 6 5 5 -0.22,-0.236,(2.23,1.368),0,-0 
20130715 75 9 5 5 1.550,1.548,0.789,0.543,0,-0 
20130715 75 10 5 5 0.042,0.150,2.336,0.242,0,-0 
20130715 75 13 5 5 -0.004,-0.214,0.360,(2.007),0,-0 
20130715 75 15 5 6 0.916,0.778,0.890,0.888,0,-0 
20130715 75 19 5 5 (1.155,1.153,2.365,1.893),0,-0 
20130715 75 20 5 6 (1.298,0.68,2.33,2.703),0,-0 
20130715 75 23 5 6 -0.292,(1.178,2.51,2.042),0,(-0) 
20130715 75 30 5 6 0.052,(0.864,2.393)2.51,0,-0 
20130719 25 7 5 5 (0.06,0.081),0.72,0.328,0,(-0.034) 
20130719 25 10 1 6 0.012,-0.210,(0.894,0.915),0,(-0) 
20130719 25 12 6 6 0.064,0.064,1.136,0.884,0,0 
20130719 25 15 6 6 (0.091,0.049,1.018,1.023,0.126),0 
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20130719 25 20 6 5 0.068,(0.092,0.94,0.911),0.47,0 
20130719 25 21 6 5 (-0.08,0.165,1.096,0.902),0,0 
20130719 25 25 6 6 -0.004,0.008,0.930,0.942,0,0 
20130719 25 29 6 6 (0.041),0.006,0.968,0.970,(0.092),0 
20130719 25 30 6 6 (-0.051),0.024,(-0.308,0.44),0,0 
20130729 25 2 5 6 1.950,1.950,(1.083,1.083),0,-0 
20130729 25 4 5 6 1.942,1.944,0.996,0.996,0,-0 
20130729 25 5 5 6 (1.945,1.928),1.024,1.024,0,-0 
20130729 25 6 5 6 1.950,1.950,1.018,1.018,0,-0 
20130729 25 7 5 6 1.950,1.950,1.016,1.016,0,-0 
20130729 25 8 5 6 1.962,(1.979,1.028,1.053),0,-0 
20130729 25 9 5 5 (1.864,1.864,1.009),1.04,0,-0 
20130729 25 11 6 5 (2.123,2.123,1.036,1.036),0,0 
20130729 25 13 6 5 (2.057,2.057,1.062,1.59),0,-0 
20130729 25 15 5 5 1.606,2.008,1.042,1.042,0,-0 
20130729 25 16 5 5 1.942,1.944,(1.191,1.093),0,-0 
20130729 25 18 6 5 (2.008,1.985),1.034,1.034,0,0 
20130729 25 22 5 5 1.956,1.958,(0.637,0.635),0,-0 
20130729 25 23 5 5 (2.26,2.027,1.061,1.061,0,-0 
20130729 25 25 5 6 2.00,2.00,1.024,1.028,0,-0 
20130729 25 28 5 5 (2.12,1.996),0.966,0.966,0,-0 
20130729 25 29 5 6 (1.971,1.959),1.002,(0.989),0,-0 
20130729 25 30 5 5 (1.383,1.383,1.101,1.010),0,-0 
20130729 50 8 6 5 (1.036,1.024),0.076,0.076,0,0 
20130729 50 12 6 5 0.872,0.872,(0.04,0.064),0,0 
20130802 25 5 3 5 (2.039,2.101),0,-0,0.974,0.974 
20130802 25 15 3 5 (2.556,2.784),0,-0,0.962,0.962 
20130802 25 25 3 6 (2.02,2.02),0,-0,0.984,0.984 
20130802 25 28 3 4 2.05,(2.132),0,-0,1.036,1.036 
20130802 25 29 3 6 (1.994,1.879)0,-0,1,1 
20130808 25 1 5 6 (0.919),1.042,0.99,0.99,0,-0 
20130808 25 2 5 6 (0.974,0.919,0.965,0.967),0,-0 
20130808 25 3 5 6 (0.999,0.997,0.965,0.943),0,-0 
20130808 25 4 5 6 0.912,0.912,1.072,1.052,0,0.002 
20130808 25 6 5 6 0.132,0.118,1.056,1.422,0,-0 
20130808 25 7 5 6 (0.94,0.94,1.014,1.016),0,0.002 
20130808 25 8 5 6 0.956,0.956,1.074,1.076,0,0.022 
20130808 25 9 5 6 (0.877,0.91,0.927,0.933),0,0.004 
20130808 25 10 5 6 1.012,1.010,1.038,1.038,0,-0 
20130808 25 11 5 6 0.008,0.004,(1.092,1.094),0,-0.002 
20130808 25 12 5 6 0.982,0.982,(1.074,1.076),0,0.024 
20130808 25 13 5 6 1.066,1.042,1.032,1.036,0,-0.028 
20130808 25 14 5 6 (1.037,1.22,1.015,1.015),0,-0 
20130808 25 15 5 6 (0.961,0.963,1.028,1.019),0,0.002 
20130808 25 16 5 6 0.9,0.894,1.018,1.030,0,0.038 
20130808 25 17 5 6 -0.812,0.516,0.596,-10.22,0,-0 
20130808 25 18 5 6 -3.514,-3.514,-2.352,-2.352,0,-0 
20130808 25 19 5 6 0.030,0.030,0.192,0.194,0,-0 
20130808 25 20 5 6 (2.185,1.813,2.376,2.376),0,-0 
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20130808 25 21 5 6 (2.153,2.108,2.274,2.861),0,-0 
20130808 25 24 5 6 1.738,1.726,-9.192,-3.408,0,0 
20130808 25 25 5 6 (2.014,2.006,3.088,3.004),0,0 
20130808 25 26 5 6 1.126,-0.714,0.136,2.528,0,0 
20130808 25 27 5 6 -0.980,-0.980,0.094,0.092,0,-0 
20130808 25 28 5 6 -2.422,-2.422,-1.424,-1.420,0,-0 
20130808 25 29 5 6 (1.959,1.959,3.071,3.03),0,-0 
20130808 25 30 5 6 (2.2,1.989,3.112,3.114),0,-0 
20130808 50 1 3 6 0.184,0.178,0,-0,(0.804,0.718) 
20130808 50 3 3 6 0.128,0.130,0,-0,-0.658,(-0.581) 
20130808 50 4 5 6 0.986,(0.842,0.237)0.946,0,-0 
20130808 50 7 5 6 2.75,3.226,(0.766,1.115),0,-0 
20130808 50 8 5 6 1.130,1.132,(1.0),1.026,0,-0 
20130808 50 9 5 6 -0.118,-0.116,0,-0,(-0.997,-1.075) 
20130808 50 11 5 6 -0.152,-0.144,-0.308,-0.02,0,-0.006 
20130808 50 13 3 6 0.094,0.066,0,-0,(-0.024,-0.405) 
20130808 50 14 3 6 0.144,0.144,0,-0,-0.920,1.152 
20130808 50 16 5 6 (0.928,0.362),0.190,0.188,0,(0.005) 
20130808 50 17 3 6 0.112,0.086,0,0.010,(0.738,-0.876) 
20130808 50 18 3 6 0.112,0.084,0,0.012,(1.113,-0.934) 
20130808 50 22 3 6 0.106,0.106,0,0.002,0.010,(-0.219) 
20130808 50 26 3 6 -0.120,0.546,0,-0,-0.878,-0.878 
20130808 50 27 3 6 0.987,0.874,1.006,1.059,0,-0.084 
20130808 50 29 3 6 0.110,0.02,0,-0,-0.872,-0.870 
20130808 75 1 3 6 2.1,-4.25,0,-0,-3.428,0.022 
20130808 75 9 1 5 0,0.006,0.172,0.172,(-0.951,-0.389) 
20130808 75 11 5 5 0.012,1.174,(0.986,1.077),0,-0 
20130808 75 12 1 5 0,0.002,0.138,0.142,4.294,5.838 
20130808 75 13 5 6 -0.096,-0.098,(1.03,1.01),0,-0 
20130808 75 14 5 6 -0.128,-0.128,-0.016,(1.3),0,-0 
20130808 75 17 3 6 (0),-0.056,0,-0,-1.174,-1.172 
20130808 75 18 5 6 (1.125,1.069,0.957,1.125),0,-0 
20130808 75 19 1 6 0,-0.016,0.138,0.156,(-0.934,-0.977) 
20130808 75 24 5 6 -7.454,-7.314,4.126,7.056,0,-0 
20130808 75 29 5 6 0.26,0.948,0.246,0.032,0,-0 
20130812 25 1 5 6 (1.019),1.042,0.99,0.99,0,-0 
20130812 25 2 5 6 (1.017,1.015,0.966,0.964),0,-0 
20130812 25 3 5 6 (1.015,1.013,1.025,1.029),0,-0 
20130812 25 4 5 6 0.912,0.912,1.072,1.052,0,0.002 
20130812 25 7 5 6 (0.959,0.959,1.064,1.066),0,0.002 
20130812 25 8 5 6 0.956,0.956,1.074,1.076,0,0.022 
20130812 25 9 5 6 (0.945,0.909,1.003,1.021),0,0.004 
20130812 25 10 5 6 1.012,1.010,1.0358,1.038,0,-0 
20130812 25 11 5 6 0.008,0.004,(1.095,1.091),0,-0.002 
20130812 25 12 5 6 0.982,0.982,(1.058,1.079),0,0.024 
20130812 25 13 5 6 1.066,1.042,1.032,1.036,0,-0.028 
20130812 25 14 5 6 (1.046,1.076,0.995,1.003),0,-0 
20130812 25 15 5 6 (1.008,1.010,1.077,1.07),0,0.002 
20130812 25 16 5 6 0.9,0.894,1.018,1.030,0,0.038 
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20130812 25 17 5 6 1.058,1.054,0.992,0.992,0,-0 
20130812 25 18 5 6 1.042,1.042,(1.048,0.997),0,-0.014 
20130812 25 19 5 6 (0.835,0.908),1.020,1.020,0,-0.002 
20130812 25 23 5 6 (1.109,1.019,1.094,1.114),0,-0 
20130812 25 24 5 6 (1.023,1.087,1.05,1.017),0,-0.006 
20130812 25 25 5 6 (1.044,1.084,1.123,1.048),0,-0 
20130812 25 26 5 6 1.048,1.052,1.006,1.044,0,-0.002 
20130812 25 28 5 6 1.130,1.088,(0.993,1.018),0,0.012 
20130812 25 29 5 6 0.988,(1.003,1.081,1.09),0,-0 
20130812 25 30 5 6 (0.969,1.037,1.042,1.012),0,0.002 
20130812 50 1 3 6 1.098,1.106,0,-0,0.048,0.044 
20130812 50 4 5 6 (1.051,1.017),0.036,0.034,0,0.008 
20130812 50 7 5 6 (1.174,1.136),0.042,(0.041),0,-0.022 
20130812 50 8 5 6 (0.859,0.991,-0.131,-0.027),0,0.002 
20130812 50 9 5 6 0.860,0.858,-0.042,-0.030,0,-0.004 
20130812 50 11 5 6 (0.305,1.109),0.022,(0.037),0,-0.002 
20130812 50 13 5 6 1.068,1.068,0.020,0.020,0,0.002 
20130812 50 14 5 6 (0.934,1.078),-0.024,0.016,0,-0.004 
20130812 50 15 5 6 0.968,0.910,-0.068,-0.052,0,-0 
20130812 50 16 5 6 (0.77,0.894,0.122,0.067),0,-0 
20130812 50 17 5 6 1.058,1.060,-0.054,-0.046,0,-0.006 
20130812 50 18 5 6 1.066,1.068,-0.014,0.018,0,-0.002 
20130812 50 26 5 6 (1.129,0.295),-0.106,(-0.134),0,-0 
20130812 50 27 5 6 0.886,0.872,-0.008,(-0.008),0,0.002 
20130812 50 29 3 6 (0.997,1.026),0.026,0.022,0,-0 
20130812 75 9 1 6 0,0.002,0.1,0.102,0.092,0.116 
20130812 75 13 5 6 0.060,0.062,0.03,0.03,0,0.002 
20130812 75 14 5 6 0.044,0.044,0.228,0.04,0,-0 
20130812 75 15 1 5 0,-0,0.034,0.034,0.172,0.174 
20130812 75 17 3 6 0.104,0.1,0,-0,0.038,0.038 
20130812 75 18 5 6 -0.232,(0.779),0.036,0.042,0,0.002 
20130812 75 19 1 6 0,-0,0.339,0.194,0.128,0.252 
20130812 75 24 5 6 0.068,0.068,0.006,0.040,0,-0.002 
20130812 75 26 5 6 0.033,0.033,-0.028,-0.018,0,-0 
20130816 25 1 5 6 3.290,3.292,6.356,6.356,0,-0.002 
20130816 25 2 5 6 3.318,3.318,6.266,0,-0 
20130816 25 3 5 6 3.270, (3.227,6.344,6.415),0,-0 
20130816 25 4 5 6 3.3,3.3,6.238,6.240,0,-0 
20130816 25 5 5 6 3.328,3.326,6.320,6.320,0,-0 
20130816 25 6 5 6 3.275,3.237,6.305,6.115,0,-0 
20130816 25 7 5 6 3.432,(3.352),6.246,6.246,0,0.002 
20130816 25 8 5 6 (3.366,3.436,6.386,6.239),0,-0 
20130816 25 9 5 6 (3.292,3.342),6.220,6.220,0,-0 
20130816 25 10 5 6 3.314,3.314,6.302,6.302,0,-0 
20130816 25 11 5 6 3.33,3.33,(6.383,6.378),0,-0.002 
20130816 25 12 5 6 3.314,3.314,(6.277,6.265),0,-0 
20130816 25 13 5 6 3.314,3.316,6.342,6.342,0,-0 
20130816 25 14 5 6 3.242,3.244,(6.294),6.310,0,-0 
20130816 25 15 5 6 3.306,3.306,6.280,6.278,0,-0 
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20130816 25 16 5 6 (3.289,3.291),6.178,6.178,0,0.002 
20130816 25 17 5 6 (3.257,3.285,6.27),6.308,0,-0.004 
20130816 25 18 5 6 3.190,3.188,6.326,6.326,0,-0.002 
20130816 25 19 5 6 (3.371,3.295,6.247,6.132),0,0.022 
20130816 25 20 5 6 3.304,3.304,6.294,6.294,0,0.002 
20130816 25 21 5 6 3.318,3.318,6.304,6.304,0,-0 
20130816 25 22 5 6 (3.044,3.146),6.190,6.190,0,-0 
20130816 25 23 5 6 3.294,3.294,6.264,6.262,0,-0 
20130816 25 24 5 6 3.248,(3.428),6.298,6.296,0,-0.002 
20130816 25 25 5 6 3.248,23.248,6.234,(6.271),0,-0 
20130816 25 26 5 6 (3.12,3.114,6.208,6.366),0,-0 
20130816 25 27 5 6 (3.358,3.358),6.150,(6.158),0,-0 
20130816 25 28 5 6 3.182,3.182,(6.281,6.356),0,-0 
20130816 25 29 5 6 3.216,3.216,6.210,6.210,0,-0 
20130816 25 30 5 6 3.252,3.252,(6.394),6.228,0,0.002 
20130816 50 1 5 6 1.084,1.072,0,-0,0.122,0.122 
20130816 50 2 5 6 1.026,1.026,(0.096,0.019),0,-0.002 
20130816 50 3 5 6 1.094,1.094,0,-0,0.124,0.126 
20130816 50 4 5 6 (1.082,1.086,0.018,0.018),0,-0.008 
20130816 50 5 5 6 (0.981,0.972),-0.022,-0.022,0,-0 
20130816 50 6 5 6 (1.175,1.177),0.122,0.120,,0,-0 
20130816 50 7 5 6 (1.096,1.137),0.050,0.058,0,0.004 
20130816 50 8 5 6 (1.011,1.043),0.078,0.078,0,-0.002 
20130816 50 9 5 6 (1.119,1.173),0.104,0.104,0,-0 
20130816 50 10 5 6 (1.025,1.135),0.104,0.104,0,-0 
20130816 50 11 5 6 1.004,1.004,0,-0,0.012,0.012 
20130816 50 12 5 6 (1.006,0.962),0.044,0.044,0,-0 
20130816 50 13 5 6 (1.032,1.019),0,-0,0.06,0.06 
20130816 50 14 5 6 (1.125,1.201),0,-0,0.16,0.184 
20130816 50 15 5 6 (1.004,1.005),0,-0,-0.008,-0.008 
20130816 50 16 5 6 (1.087,1.055),0.096,0.06,0,0.002 
20130816 50 17 5 6 (1.037,1.037),0,-0,0.114,0.112 
20130816 50 18 5 6 (0.967,0.959),0,0.002,0.06,0.06 
20130816 50 19 5 6 1.136,(1.198),0.122,0.122,0,-0 
20130816 50 20 5 6 (0.975,0.908),0,-0,0.014,0.008 
20130816 50 21 5 6 0.906,0.906,0,-0-0.02,-0 
20130816 50 22 5 6 (1.086,1.103),0.014,0.034,0,-0.002 
20130816 50 23 5 6 (1.033,1.033),0.014,0.014,0,-0.016 
20130816 50 24 5 6 (0.998,1.041),0,0.002,0.072,0.088 
20130816 50 25 5 6 (0.952,0.953),-0.01,-0.01,0,-0 
20130816 50 26 5 6 (1.14,1.087),0,-0,0.172,0.166 
20130816 50 27 5 6 (1.051,1.128),0.094,0.088,0,-0 
20130816 50 28 5 6 1.068,1.092,0,-0,0.078,0.078 
20130816 50 29 5 6 1.028,1.028,0,-0,0.038,0.044 
20130816 50 30 5 6 (0.975,1.026),0,-0,-0.012,-0.012 
20130816 75 1 3 6 0,0.002,(3.425,3.697,3.612,2.646) 
20130816 75 2 5 6 0,-0,(3.457,3.534,3.335,3.495) 
20130816 75 3 3 6 0,-0,(3.674,3.654,3.585,3.644) 
20130816 75 4 5 6 0,-0,(3.369,3.277,3.421,3.461) 
47 
Table A-14. Continued from previous page. 
20130816 75 5 3 6 0,-0,(3.365,3.45,3.426,3.395) 
20130816 75 6 5 6 0,-0,(3.347,3.347,3.346,3.281) 
20130816 75 7 5 6 0,-0,(3.28,3.416,3.401,3.326) 
20130816 75 8 5 6 0,-0,(3.473,3.426,3.409,3.437) 
20130816 75 9 5 6 0,-0,(3.359,3.547,3.415,3.513) 
20130816 75 10 5 6 0,-0,(3.348,3.38,3.391,3.393) 
20130816 75 11 3 6 0,-0,(3.523,3.554,3.44,3.436) 
20130816 75 12 5 6 0,-0,(3.343,3.266,3.382,3.26) 
20130816 75 13 3 6 0,-0,(3.453,3.466,3.406,3.4) 
20130816 75 14 3 6 0,-0,(3.647),3.59,3.48,3.48 
20130816 75 15 3 6 0,-0,3.29,3.29,(3.389,3.438) 
20130816 75 16 5 6 0,-0.008,(3.288,3.288,3.313,3.424) 
20130816 75 17 3 6 0,0.002,(3.504,3.502,3.473,3.531) 
20130816 75 18 3 6 0,-0,(3.602,3.454,3.509,3.384) 
20130816 75 19 5 6 0,-0.002,(3.226,3.22),3.582,3.612 
20130816 75 20 3 6 0,0.002,(3.411,3.417,3.335,3.397) 
20130816 75 21 3 6 0,-0,3.356,3.4,(3.286,3.29) 
20130816 75 22 5 6 0,-0,(3.256,3.338,3.381,3.465) 
20130816 75 23 5 6 0,-0,(3.334,3.363,3.257,3.224) 
20130816 75 24 3 6 0,-0,(3.48,3.538,3.399,3.347) 
20130816 75 25 5 6 0,-0,(3.41,3.411,3.338,3.37) 
20130816 75 26 3 6 0,0.002,3.504,3.504,3.430,3.410 
20130816 75 27 5 6 0,-0,(4.074,3.308,3.354,3.211) 
20130816 75 28 3 6 0,-0,(3.259,3.341,3.259,3.285) 
20130816 75 29 3 6 0,-0.002,3.326,3.358,3.326,3.368 
20130816 75 30 3 6 0,-0,(3.296,3.335,3.411,3.243) 
 
